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E^RODUCTION: 

The  epidermal  growth  factor  receptor  (EGFR)  is  a  cell-surface  protein  that  relays  signals  from  the  extracellular 
environment  into  the  cell  by  binding  specific  polypeptide  hormones  followed  by  activation  of  intracellular 
signal  transduction  pathways.  Although  rarely  an  oncogene,  the  ability  of  EGFR-mediated  signaling  to  generate 
diverse  responses  including  grovrth,  differentiation,  stress  response,  apoptosis  suppression,  and  altered  mobility 
makes  this  protein  a  potentially  powerful  tumor  promoter.  The  association  between  higher  EGFR  expression 
and  poorer  prognosis  in  breast  cahcer  and  the  frequency  of  higher  EGFR  levels  in  more  aggressive/metastatic 
breast  tumors  reinforce  this  possibility.  Our  research  aims  to  imcover  a  link  between  chemotherapeutic 
exposure  and  increased  expression  of  EGFR  in  breast  cancer  cells  with  the  hope  of  explaining  why  higher  levels 
of  EGFR  are  common  to  more  advanced  breast  tumors.  We  have  shown  that  exposure  of  MCF-7,  T-47D,  and 
ZR-75-1  breast  cancer  cells  to  the  anti-metabolite  compound  methotrexate  causes  an  up-regulation  of  EGFR 
receptor  expression.  Our  work  demonstrates  that  the  EGFR  up-regulation  usually  occurs  at  both  the  mRNA 
level  and  protein  level  (with  increased  expression  on  the  cell  surface)  and  that  this  may  be  accompanied  by 
changes  in  the  expression  of  EGFR  ligands.  We  also  demonstrate  that  the  methotrexate-induced  EGFR 
expression  in  these  cells  alters  EGF-mediated  phosphorylation  of  ERK  and  AKT  (causing  changes  in  the 
specificity,  timing  and  intensity  of  EGFR  signaling  through  these  pathways  in  a  cell  specific  manner).  ERK  and 
AKT  signaling  pathways  have  been  shown  to  mediate  anti-apoptotic  effects.  We  therefore  hypothesize  that 
increased  EGFR  expression  and  signaling  in  these  cells  provides  a  survival  advantage  by  suppression  of 
chemotherapy  induced  apoptosis,  possibly  explaining  the  prevalence  of  EGFR  over-expression  in  drug  resistant 
cell  lines  and  more  aggressive  breast  tumors. 

Task  1:  Characterize  the  chemotherapy-induced  changes  in  EGFR  expression  in  breast  cancer  cell  lines, 
(months  1-12) 

•  Screen  different  cell  line/compound  combinations  using  a  fluorescent  reporter  gene  placed  imder  the  control 
of  the  EGFR  promoter,  (months  1-6) 

•  Confirm  the  results  from  the  GFP-screening  method  using  RNase  protection  assays  to  demonstrate  increases 
in  EGFR  mRNA  under  the  same  conditions  (months  2-6) 

•  Determine  if  the  observed  changes  in  EGFR  mRNA  result  from  altered  message  stability  using 
actinomycin-D  and  RNase  protections  assays  to  compare  EGFR  mRNA  half  life  in  treated  and  untreated 
cells,  (months  6-9) 
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•  Assess  requirements  for  de  novo  protein  synthesis  by  combining  cyclohexamide  pre-treatments  with  RNase 
protection  assays,  (months  6-9) 

•  Correlate  changes  in  protein  levels  with  changes  in  EGFR  mRNA  levels  using  western  blot  and 
immunohistochemistry  methods,  (months  6-12) 

Task  2:  Determine  the  effects  EGFR-signaling  in  the  growth  and/or  survival  of  breast  cancer  cells 
challenged  with  chemotherapeutic  compounds.  (Months  12-24) 

•  Determine  the  effects  of  EGFR-signaling  on  growth  rate  and  re-plating  efficiency  in  chemotherapy-treated 
breast  cancer  cells,  (months  12-18) 

•  Assess  to  role  of  EGFR  over-expression  in  promoting  the  survival  of  breast  cancer  cells  challenged  with 
different  chemotherapeutic  compounds  through  use  of  MCF-7  derived  stable  transfectant  cell  lines,  (months 
12-18) 

•  Study  possible  connections  between  chemotherapy-induced  EGFR  signaling  and  apoptosis  by  annexin 
staining  and  Hoescht  staining  protocols  (in  combination  with  conditions  established  in  prior  experiments), 
(months  18-24) 

•  Assess  the  role  of  EGFR  signaling  in  regulating  expression  of  the  EGFR  gene  by  observing  the  impact  of  a 
specific  EGFR-inhibitor  on  the  chemotherapy-induced  changes  in  EGFR  expression,  (months  18-24) 

Figures  referred  to  in  the  following  section  are  presented  in  the  appendix. 

Progress,  Task  1: 

The  experiments  for  Task  1  were  significantly  redesigned  in  order  to  achieve  the  main  objective: 
determination  of  chemotherapeutic  induction  of  EGFR  expression.  Three  breast  cancer  cell  lines  were  chosen 
for  this  project  based  on  these  criteria:  MCF-7,  T-47D,  and  ZR-75-1.  A  fourth  cell  line  that  does  not  express 
ER,  MDA-MD-453,  was  added  in  order  to  address  (or  eliminate)  a  role  for  ER  in  our  experimental  model.  The 
ER  and  EGFR  status  for  the  selected  cell  lines  are  listed  in  TABLE  1. 

To  measure  changes  in  EGFR  expression  in  the  MCF-7,  MDA-MB-453,  T-47D,  and  ZR-75-1  cell  lines, 
it  was  necessary  to  develop  a  protocol  with  which  we  could  reliably  detect  changes  in  EGFR  content  in  cells 
that  express  the  receptor  at  very  low  levels.  Several  conventional  procedures  were  attempted  with  limited 
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success,  including  immunoprecipitation,  Western  blotting  and  immunohistochemistry.  We  finally  settled  on  an 
immunofluorescence  /  flow  cytometry  protocol  that  yielded  consistent,  reproducible  results.  This  method 
involved  the  binding  of  EGFR  specific-antibodies  to  intact  living  cells.  The  levels  of  antibody  binding,  as 
detected  through  the  use  of  a  fluorescent  secondary  antibody,  were  measured  by  flow  cytometry.  Data  are 
presented  as  fluorescent  units  per  cell,  with  mean  peak  values  calculated  per  sample  population.  (This  protocol 
was  substitued  for  the  fluorescenct  reporter  gene  protocol  described  in  Task  1). 

FIGURE  1  represents  the  comparative  level  of  EGFR  expression  in  the  MCF-7,  MDA-MB-453,  T-47D, 
and  ZR-75-1  cell  lines  as  determined  through  the  application  of  this  method.  As  shown  in  FIGURE  la,  MCF- 
7,  MDA-MB-453,  and  ZR-75-1  cells  exhibit  very  low  baseline  EGFR  expression  levels.  Mean  peak 
fluorescent  values  for  these  cell  lines  were  consistently  below  10  fluorescent  units.  In  contrast,  T-47D  cells, 
which  express  a  modestly  higher  amount  of  EGFR,  had  a  mean  fluorescent  peak  value  of  approximately  100 
(about  ten-fold  greater  that  the  other  cells  lines).  For  broader  sense  of  context,  this  method  was  applied  to  the 
EGFR  over-expressing  MDA-MB-23 1  cell  line.  The  mean  fluorescence  peak  value  for  these  cells  was  close  to 
600  fluorescent  imits  (FIGURE  lb). 

Several  chemotherapeutic  options  were  available  for  study  in  this  project.  Methotrexate  (MTX),  a  folic- 
acid  analogue  that  is  classified  as  an  antimetabolite,  was  the  chemotherapeutic  agent  selected  for  use  in  our 
research.  This  choice  was  made  for  several  reasons.  First,  the  compound  has  a  long  history  of  use  in  the 
treatment  of  breast  cancer,  providing  clinical  context  for  this  study.  Second,  MTX  was  toxic  to  the  cells  only 
after  prolonged  exposures  (four  days  and  longer).  This  allowed  a  window  of  time  for  studying  the  effects 
MTX-exposure  on  EGFR  expression  .  Other  chemotherapeutic  agents  which  were  more  acutely  toxic 
(adriamycin,  cyclophosphomide)  were  more  limiting  in  this  regard.  Finally,  MTX  is  stable,  easily  stored  (at  -80 
°C)  and  has  no  inherent  fluorescence  (unlike  adriamycin,  for  example)  that  would  interfere  with  flow  cytometric 
measurements. 

As  shown  in  FIGURE  2,  72-hour  MTX  exposure  (at  nM  to  DM  concentrations)  resulted  in  an  elevation 
of  EGFR  mRNA  levels  in  three  of  the  four  cell  lines  tested.  MCF-7  cells  exhibited  a  5-10  fold  increase  in 
EGFR  mRNA  (FIGURE  2a),  the  strongest  change  observed  among  the  four  cell  lines.  ZR-75-1  cells  displayed 
a  2  to  3-fold  rise  in  EGFR  mRNA  (FIGURE  2d)  following  the  same  treatment  and  MDA-MB-453  cells 
displayed  a  1.5  to  2-fold  rise  in  EGFR  mRNA  (FIGURE  2b).  In  these  three  cell  lines,  the  MTX  concentration 
ranges  that  induced  changes  in  EGFR  mRNA  corresponded  to  those  that  produced  a  cytostatic  effect  in  each 
cell  line  (see  FIGURE  1).  Thus,  equipotent  MTX  doses  were  found  to  induce  an  increase  in  EGFR  mRNA 
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among  MCF-7,  MDA-MB-453  and  ZR-75-1  cells.  In  contrast,  T-47D  cells  did  not  alter  EGFR  mRNA  levels 
(FIGURE  2c)  following  a  72-hour  MTX  treatment. 

FIGURE  3  depicts  the  changes  in  EGFR  cell  surface  protein  expression  detected  in  MCF-7,  MDA-MB- 
453,  T-47D,  and  ZR-75-1  cells  after  72-hours  MTX  treatment  using  this  method.  For  MCF-7,  ZR-75-1  and 
MDA-MB-453  cells,  MTX  doses  that  induced  elevation  of  EGFR  mRNA  also  produced  a  corresponding 
increase  in  EGFR  protein  expression  at  the  cell  surface.  For  MCF-7  cells  (FIGURE  3a)  a  3 -fold  increase  in 
mean  peak  fluorescence  was  observed,  while  for  ZR-75-1  cells  (FIGURE  3c)  the  fold  increase  in  mean  peak 
value  was  approximately  2-fold.  [In  FIGURE  4,  representative  histograms  from  72-hour  MTX-dose  response 
experiments  are  presented  for  each  cell  line.] 

At  this  point,  our  focus  shifted  from  mechanistic  aspects  to  clinical.translational  aspects.  Thus,  we  did 
not  pursue  the  actinomycin  D/  cyclohexamide  experiments  outlined  in  Task  1  during  year  one. 

Task  2:  Determine  the  effects  EGFR-signaling  in  the  growth  and/or  survival  of  breast  cancer  cells 
challenged  with  chemotherapeutic  compounds. 

Because  we  narrowed  our  focus  to  the  translational  aspects  of  this  project,  the  objectives  designated  for  year 
two  were  taken  on  in  year  one. 

Having  established  that  MTX-treatment  of  MCF-7,  T-47D,  and  ZR-75-1  breast  cancer  cells  leads  to  an 
increase  in  EGFR  expression  on  the  cell  surface,  we  wanted  to  assess  whether  the  newly  expressed  receptor  was 
functional.  We  also  wanted  to  determine  what  downstream  signaling  targets  might  be  affected  by  receptor 
activation.  To  address  both  of  these  issues  at  once,  we  decided  to  measure  differences  in  EGF-stimulated 
phosphorylation  (activation)  of  two  well  studied  downstream  signaling  targets:  AKT  and  ERK.  The  importance 
of  these  protein  kinase  molecules  in  growth  stimulation  and  anti-apoptotic  signaling  are  well  documented  in  the 
literature. 

MCF-7,  T-47D  and  ZR-75-1  cells  were  treated  with  MTX  for  72  hours  (with  a  single  MTX 
concentration  selected  for  each  cell  line  based  on  the  RNase  protection  and  immunofluorescence  experiments: 
5.0  pM  for  MCF-7  and  ZR-75-1  cells,  0.5  pM  for  T-47D  cells).  Following  the  72-hour  MTX-treatment,  the 
cells  were  serum  starved  (0.1%  FBS)  for  24  hours  and  stimulated  with  10  ng/ml  EGF  (in  serum  free  media). 
Protein  was  collected  at  several  time-points  following  the  addition  of  EGF  (1-20  minutes)  from  both  MTX- 
treated  cells  and  untreated/serum  starved  control  cells.  Protein  extracts  were  assayed  for  changes  in  phospho- 
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AKT  or  phospho-ERK  content  by  Western  blotting,  using  a  monoclonal  antibody  specific  to  each 
phosphoprotein. 

As  shown  in  FIGURE  5,  EGF-stimulation  of  untreated  T-47D  (FIGURE  5b)  and  ZR-75-1  (FIGURE 
5c)  cells  resulted  in  a  slight  increase  in  AKT  phosphorylation  over  the  20-minute  time-course.  This  indicates 
that  the  normally  low  levels  of  EGFR  could  be  stimulated  to  produce  a  measurable  effect  on  the  ERK  and  AKT 
pathways  in  these  cell  lines.  MTX  treatment  greatly  enhanced  this  response  in  both  the  T-47D  and  ZR-75-1  cell 
lines.  EGF-stimulated  AKT  activation  was  especially  pronounced  in  MTX-treated  ZR-75-1  cells.  These 
observations  are  consistent  with  the  elevation  of  EGFR  expression  in  the  MTX  treated  cells  compared  to 
untreated  controls.  In  MCF-7  cells,  no  AKT  activation  was  detected  in  either  MTX-treated  or  untreated  control 
cells  (FIGURE  5a). 

For  ERK-phosphorylation,  MCF-7,  T-47D  and  ZR-75-1  lines  exhibited  detectable  responses  to  EGF  as 
shown  in  FIGURE  6.  In  untreated  controls  cells  from  each  cell  line,  a  moderate  but  clear  increase  in  phospho- 
ERK  could  be  detected  over  the  20-minute  time-course.  MTX  treatment  in  all  three  cell  lines  enhanced  EGF- 
stimulated  phosphorylation  of  ERK  (FIGURE  6a-c).  Again,  these  results  reflect  the  greater  MTX-induced 
EGFR  expression  that  causes  a  greater  capacity  for  signaling  responses  through  this  receptor.  Collectively,  this 
data  demonstrates  that  the  EGFR  produced  in  response  to  MTX  exposure  in  MCF-7,  T-47D,  and  ZR-75-1  cells 
is  functional  and  capable  of  stimulating  signaling  pathways  involving  ERK  and  vMCT. 

For  the  remainder  of  these  experiements,  only  the  ZR-75-1  cell  line  was  employed.  This  choice  was 
made  based  upon  the  above  data  and  the  need  to  streamline  the  experimental  workload. 

To  explore  the  effectiveness  of  PD153035  in  our  system,  and  to  further  establish  the  role  of  EGFR  in  the 
EGF-stimulated  phosphorylation  of  ERK  and  AKT  in  MTX-treated  ZR-75-1  cells,  the  Western  blot 
experiments  described  in  FIGURES  5  and  6  were  modified  to  incorporate  a  4-hour  1  pM  PD 153035 
pretreatment.  As  shown  in  FIGURE  7,  the  EGF-mediated  phosphorylation  of  AKT  in  ZR-75-1  cells  was  almost 
completely  blocked  by  pretreatment  with  1  pM  PD  153 03 5.  This  was  the  case  for  both  MTX-treated  and 
untreated  control  cells.  A  similar  result  is  seen  when  phospho-ERK  is  assessed,  as  shown  in  FIGURE  8, 
although  in  the  MTX-treated  samples  the  inhibition  of  ERK  phosphorylation  in  the  PD  153035  pretreated  cells 
was  not  as  complete  (a  slight  retention  of  phospho-ERK  is  seen). 

Our  first  experiments  were  designed  to  prove  that  MTX  exposure  does  lead  to  apoptosis  in  ZR-75-1 
cells  and  that  this  effect  could  be  measured  reliably  using  the  annexin-V  protocol.  FIGURE  9a  depicts  the 
onset  of  apoptosis  in  ZR-75-1  cells  treated  with  increasing  concentrations  of  MTX  (0.005  pM  to  50.0  pM). 
Annexin-V  staining  is  observed  in  cells  treated  with  MTX  concentrations  that  strongly  affected  growth  (data  not 
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shown).  Given  this  result,  we  decided  to  narrow  our  focus  to  a  single  representative  MTX  concentration. 
Treatment  with  5.0  pM  MTX  induced  apoptosis  to  the  same  degree,  and  with  the  same  timing,  as  that  seen  for 
MTX  doses  one  log  fold  higher  or  lower.  Thus,  the  experiment  performed  for  several  MTX  concentrations  in 
FIGURE  9a  was  repeated  for  5.0  pM  MTX  three  times,  and  the  combined  results  presented  in  FIGURE  9b. 

Having  obtained  both  a  baseline  percentage  value  and  timing  for  MTX-induced  apoptosis  in  ZR-75-1 
cells  treated  with  5.0  pM  MTX,  we  next  wanted  to  determine  whether  this  effect  could  be  influenced  by  EGFR 
stimulation  or  inhibition.  To  address  this  question,  ZR-75-1  cells  were  treated  with  5.0  pM  MTX  for  seven 
days,  with  EGF  (10  ng/ml),  PD15335  (1  pM),  or  both  EGF  and  PD153035  added  for  the  final  two  days  of  the 
seven-day  time-course.  We  chose  to  add  the  EGF/PD153035  after  five  days  MTX  exposure  based  on  the 
apoptosis  time-course  established  in  FIGURE  9b.  The  intent  was  to  stimulate  or  inhibit  EGFR  just  as 
significant  levels  of  MTX-induced  apoptosis  were  taking  place. 

As  shown  in  FIGURE  10  stimulation  and  inhibition  of  EGFR  had  differing  effects  on  MTX-induced 
apoptosis  in  these  cells.  FIGURE  10  depicts  the  results  jfrom  a  representative  experiment,  where  the  data 
combines  six  replicates  (three  independent  repeats  of  this  experiment  were  performed).  FIGURE  10a 
represents  percentage  of  viable  cells  after  the  seven-day  5.0  pM  MTX  treatment.  Not  surprisingly,  untreated 
control  cells  were  greater  than  90%  viable.  This  value  drops  to  below  50%  viable  in  cells  treated  with  5.0  pM 
MTX  alone  for  seven  days.  FIGURE  10b  depicts  the  percentage  cells  entering  apoptosis  (as  measured  by 
annexin-V  binding).  Untreated  control  cells  demonstrate  very  little  apoptosis  (less  than  10%);  that  value  rises  to 
about  50%  with  the  seven-day  5.0  pM  MTX  treatment.  Stimulation  of  MTX-treated  cells  with  10  ng/ml  EGF 
over  the  final  two  days  of  the  7-day  time-course  resulted  in  a  partial  but  significant  rescue  from  apoptosis.  With 
EGF  treatment,  percent  viable  shifts  fi'om  below  50%  to  above  60%;  percent  apoptotic  shifts  fi-om  50%  to 
approximately  40%.  This  result  indicates  that  stimulation  by  EGF,  presumably  through  binding  and  activation 
of  EGFR,  confers  a  survival  advantage  to  the  MTX-treated  ZR-75-1  cells. 

Given  the  effect  of  EGF  stimulation  on  counteracting  MTX-induced  apoptosis,  we  anticipated 
that  blocking  EGFR  activity  would  produce  the  opposite  effect.  We  tested  this  assumption  by  treating  the  cells 
with  1  pM  PD 153035  over  the  final  two  days  of  the  seven-day  MTX  time-course.  Contrary  to  our  expectations, 
no  effect  on  cell  viability/apoptosis  was  seen.  The  concentration  of  PDl 53035  used  was  the  same  as  that  shown 
to  completely  abolish  EGF-stimulated  activation  of  AKT  and  ERK  by  Western  blot  (FIGURES  7  and  8), 
indicating  that  this  was  an  effective  means  of  blocking  EGFR  signaling.  Nonetheless,  application  of  PD 153035 
alone  had  no  appreciable  effect  on  the  percent  viable/apoptotic  values.  However,  when  EGF  and  PD 153035 
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were  added  together,  the  presence  of  the  inhibitor  completely  blocked  the  protective  effect  provided  by  EGF. 
These  data  demonstrate  that  in  ZR-75-1  cells  treated  with  MTX,  EGFR  signaling  (induced  by  EGF)  can 
enhance  cell  survival  but  its  absence  (induced  by  PD153035)  does  not  necessarily  decrease  cell  survival. 
(NOTE:  The  cytotoxic  effects  of  PDl 53035  alone  on  ZR-75-1  cells  were  assessed  in  a  preliminary  experiment, 
prior  to  those  described  above.  We  found  that  treatment  of  ZR-75-1  cells  with  PD153035  for  up  to  six  days  had 
no  effect  in  promoting  apoptosis  (not  shown)  as  measured  by  annexin-V  binding). 

To  verify  our  apoptosis  data,  we  measured  cytotoxicity  using  a  second  protocol,  trypan  blue  exclusion  assay. 
This  protocol  uses  a  cationic  dye  that  distinguishes  viable  and  dead  cells  based  on  the  inability  of  the  dye  to 
pass  through  intact  membranes.  After  1:1  dilution  in  trypan  blue  [GIBCO,  Carlsbad,  CA],  viable  and  dead  cells 
are  quantified  using  a  hemocytometer.  Cells  with  breached  membranes  admit  the  dye  and  appear  blue;  viable 
cells  with  intact  membranes  exclude  the  dye  and  appear  clear.  The  ratios  of  each  versus  the  entire  population 
are  expressed  as  a  percentage  of  the  whole. 

As  shown  in  FIGURE  11a,  treatment  of  ZR-75-1  cells  with  5.0  pM  MTX  induces  a  strong  cytotoxic 
effect:  untreated  control  cells  are  >  80%  viable,  a  value  that  falls  to  approximately  30%  after  treatment  with  5.0 
pM  MTX  for  seven  days.  To  test  whether  activation  or  inhibition  of  EGFR  could  influence  this  outcome,  we 
assayed  cultures  treated  with  5.0  pM  MTX  for  seven  days  that  were  also  given  EGF  (10  ng/ml),  PDl  53035  (1 
pM)  or  both  in  combination  over  the  final  two  days  of  the  seven-day  time-course.  As  seen  in  FIGURE  11a, 
addition  of  EGF  over  the  last  two  days  of  the  seven-day  MTX  treatment  resulted  in  the  rescue  of  a  partial  but 
significant  percentage  of  the  cells  fi-om  cytotoxicity.  The  viable  cell  percentage  shifted  from  about  30%  with 
MTX  alone  to  slightly  greater  than  50%  with  the  addition  of  EGF. 

Adding  1  pM  PDl  53035  over  the  final  two  days  of  the  MTX-treatment  had  no  observable  effect  on  the 
viable  cell  percentage  when  added  alone.  However,  when  EGF  and  PD153035  were  added  together,  the 
presence  of  the  inhibitor  completely  blocked  the  rescue-effect  produced  by  the  addition  of  EGF,  with  no 
increase  in  viable  cell  percentage  observed.  These  trends  parallel  the  data  regarding  the  effects  of  EGF  +/- 
PD153035  on  MTX-induced  apoptosis  in  ZR-75-1  cells  generated  by  our  annexin-V  binding  assays.  The  data  in 
FIGURE  11a  were  calculated  and  plotted  using  six  replicates/condition  firom  a  single  experiment;  the  results 
are  representative  of  three  independent  experiments. 

The  results  of  the  cytotoxicity  assays  demonstrate  that  stimulating  MTX-treated  ZR-75-1  cells  with  EGF 
just  at  the  time  they  are  entering  apoptosis  produces  a  partial  but  significant  rescue  effect.  To  follow  up  on  this 
result,  we  decided  to  repeat  the  experiment,  this  time  adding  the  EGF  +/-  PDl 53035  to  the  MTX-treated  culture 
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prior  to  the  onset  of  apoptosis.  In  this  case,  the  EGF  +/-  PDl  53035  was  added  to  the  cells  for  the  last  four  days 
of  the  time-course,  instead  of  the  last  two  days.  We  have  already  demonstrated  that  EGFR  expression  rises  in 
MTX-treated  ZR-75-1  cells  prior  to  the  onset  of  apoptosis.  With  this  fact  in  mind,  we  anticipated  that  timing  the 
addition  of  EGF  to  precede  apoptosis  (rather  than  coincide  with  apoptosis)  would  provide  a  greater  protective 
effect.  As  shown  in  FIGURE  11b,  this  was  the  case.  The  viable  cell  percentage  in  MTX-treated  ZR-75-1 
cultures  treated  with  EGF  for  four  days  shifted  to  over  60%.  The  addition  of  PD153035  alone  for  four  days 
again  had  no  significant  effect.  However,  as  with  the  two-day  treatment,  PD  15303 5  was  able  to  block  the  effect 
of  EGF-  stimulated  rescue.  In  this  case,  the  inhibition  was  less  complete,  with  a  small  EGF-rescue  effect  seen 
despite  of  the  presence  of  the  inhibitor.  This  difference  may  reflect  the  greater  stability  of  EGF  compared  to 
PD153035.  EGF  present  in  the  media  may  have  outlasted  the  PD153035  to  produce  a  muted  delayed  rescue 
effect. 

KEY  RESEARCH  ACCOMPLISHMENTS 
Our  research  demonstrated  the  following: 

•  Exposure  of  MCF-7,  MDA-MB-453,  T47-D  and  ZR-75-1  breast  cancer  cells  to  methotrexate  (MTX) 
induces  an  increase  in  EGFR  mRNA  expression  within  72  hours 

•  Under  the  same  MTX-treatment  conditions,  MCF-7,  MDA-MB-453,  T47-D  and  ZR-75-1  breast  cancer  cells 
also  exhibit  increased  EGFR  expression  at  the  cell  surface  as  detected  by  immuno-fluorescence  assay 

•  The  MTX-induced  EGFR  expressed  at  the  cell  surface  is  functional  as  demonstrated  by  increased  EGF- 
stimulated  ERK  and  AKT  pathway  activation  following  MTX-exposure 

•  MTX-treated  ZR-75-1  cells  are  protected  from  MTX-induced  apoptosis/cell  death  following  EGF- 
stimulation  (indicates  a  cell-survival  role  for  EGFR);  this  effect  is  blocked  using  an  EGFR-specific  inhibitor 
demonstrating  a  clear  role  for  EGFR-signaling  in  cell  survival  under  these  treatment  conditions. 
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CONCLUSIONS: 

Our  findings  suggest  that  exposing  breast  cancer  cells  to  cytotoxic  drugs  leads  to  an  increase  in  EGFR 
levels,  which  renders  the  cells  more  responsive  to  EGF-stimulation  and  promotes  cell  survival  through  the 
suppression  of  apoptosis. 

Our  data  demonstrates  a  connection  between  MTX-treatment  and  both  greater  EGFR-mediated  signaling 
through  ERK/AKT  pathways,  as  well  as  an  anti-apoptotic/survival  effect.  The  role  of  EGFR  signaling  in 
ERK/AKT  activation  has  long  been  established.  However,  our  results  connecting  EGFR  signaling  with 
decreased  apoptosis  adds  new  data  to  an  area  of  study  that  has  only  recently  emerged.  Whether  the  increased 
ERK/AKT  signaling  is  directly  coimected  to  the  EGF-mediated  anti-apoptotic  effects  remains  to  be  determined. 

Based  on  the  data  presented  in  a  number  of  recently  published  studies  (see  references),  the  association 
between  EGFR  expression  and  apoptosis  suppression  is  becoming  clear  EGFR  signaling  can  affect  the 
expression  and  post-translational  modification  of  pro-  and  anti-apoptotic  proteins  to  influence  apoptosis. 

EGFR-mediated  activation  of  AKT  can  suppress  apoptosis  through  the  interaction  of  AKT  with 
different  apoptotic  signaling  proteins.  EGFR-mediated  activation  of  ERK  can  also  result  in  the  phosphorylation 
and  down-regulation  of  Bad  in  a  maimer  similar  to  that  produced  by  AKT.  Our  data  demonstrate  both  increased 
capacities  for  EGFR-mediated  ERK  and  AKT  signaling,  and  anti-apoptotic  effects  of  EGFR  stimulation  in 
MTX-treated  cell  lines.  These  results,  viewed  in  the  context  of  the  recently  published  research  described 
above,  suggest  a  connection  between  ERK/AKT  signaling  and  anti-apoptotic  EGFR-mediated  effects. 
However,  more  experiments  will  have  to  be  performed  to  confirm  this  relationship. 

Although  prior  research  has  shown  that  exposure  of  breast  cancer  cells  to  chemotherapy  can  result  in 
increased  EGFR  and  that  EGFR  can  suppress  apoptosis  in  a  number  of  cancer  cell  lines,  there  is  very  little 
published  research  directly  relating  these  events.  In  other  words,  no  one  has  yet  published  data  showing 
chemotherapy  induced  EGFR  expression  as  a  direct  precursor  to  EGFR-mediated  suppression  of  apoptosis.  Our 
research  appears  to  be  unique  in  demonstrating  that  connection.  In  addition,  we  show  that  subtle  changes  in  the 
level  EGFR  expression  can  have  measurable  effects  on  cell  survival.  This  indicates  that  EGFR-targeted 
interventions  may  have  a  wider  use  in  the  treatment  of  breast  cancer,  including  the  treatment  of  tumors  that 
express  low  but  functional  levels  of  the  receptor. 

•  Future  Aim  1:  Expansion  of  the  Apoptosis  Studies.  Although  we  have  shown  that  EGF- 
stimulation  can  reverse  apoptosis  induced  by  MTX-exposure  and  that  EGFR  signaling  can  activate 
AKT  and  ERK  imder  these  conditions,  our  research  has  not  directly  addressed  the  specific  roles  of 
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ERK  and  AKT  signaling  in  EGFR-mediated  apoptosis  response.  This  could  be  achieved  through  the 
use  of  specific  inhibitors  that  target  each  pathway.  In  addition,  possible  EGFR-mediated  changes  in 
the  expression  of  Bcl-2  family  members  could  be  investigated.  If  found,  the  role  of  ERK/AKT 
signaling  in  affecting  the  expression  of  pro-apoptotic  and  anti-apoptotic  proteins  could  also  be 
studied,  thus  clarifying  the  possible  relationship  (or  lack  thereof  between  EGFR-mediated 
ERK/AKT  signaling  and  apoptosis  suppression. 

•  Future  Aim  2:  Assess  changes  in  susceptibility  to  EGFR-target  therapeutics.  From  the 
physician’s  perspective,  determining  whether  the  chemotherapy-induced  changes  in  EGFR 
expression  will  render  a  tumor  more  vulnerable  to  EGFR-directed  therapeutics  may  be  the  most 
important  issue.  EGFR-directed  therapeutics  have  been  designed  to  utilize  a  number  of  strategies  to 
target  cells  expressing  the  receptor.  Our  data  show  that  stimulation  of  EGFR  following  MTX- 
treatment  reduces  apoptosis.  Demonstrating  the  reverse  -  that  blocking  EGFR  will  increase  apoptosis 
-  will  be  of  far  greater  therapeutic  value.  A  distinction  between  the  effects  of  blocking  receptor 
function  versus  targeting  receptor  expression  with  EGFR-directed  toxic  drugs  could  also  be  made:  if 
blocking  EGFR  activity  does  not  push  the  cells  into  apoptosis,  using  EGFR  as  a  surface  target  for  the 
delivery  of  cytotoxic  agents  may  prove  effective.  The  apoptosis/cytotoxicity  experiments  involving 
the  EGFR-inhibitor  PDl  53035  described  in  our  results  could  be  expanded  to  include  EGFR  directed 
therapeutics  to  address  this  aim.  One  final  important  consideration  is  whether  the  MTX-mediated 
induction  of  EGFR  expression  is  confined  to  transformed/cancer  cells  or  a  response  common  to  both 
normal  and  cancer  cells.  The  effectiveness  and  specificity  of  using  an  EGFR-targeted  therapy 
following  treatment  with  a  conventional  chemotherapy  such  as  methotrexate  would  be  far  greater  if 
EGFR-upregulation  were  confined  to  cancer  cells.  Thus,  the  answer  to  this  question  may  ultimately 
determine  the  therapeutic  utility  of  combining  conventional  cancer  treatments  with  EGFR-specific 
therapies. 

•  Future  Aim  3:  Expand  to  include  additional  cytotoxic  drugs.  Demonstrating  whether  the  results 
generated  by  our  research  are  either  methotrexate-specific,  or  are  indicative  of  a  more  general 
response  to  cytotoxic  drugs,  will  be  an  important  determinant  of  how  clinically  applicable  combined 
therapeutic  regimens  could  be.  With  experimental  conditions  largely  worked  out  in  the  MTX- 
experiments,  chemotherapeutic  compounds  with  distinct  mechanisms  of  action  could  be  incorporated 
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into  this  research,  including  several  of  those  tested  in  preliminary  experiments.  Selection  of  key 
experiments  to  undertake  with  each  new  compound,  as  opposed  to  repeating  every  experiment  with 
each,  would  be  critical  to  addressing  this  issue  efficiently. 

•  Aim  5:  Address  the  mechanisms  behind  EGFR  expression.  One  issue  that  has  remained  largely 
unexplored  is  the  mechanism(s)  driving  the  increased  expression  of  EGFR  in  response  to  MTX- 
treatment.  MTX-treatment  is  known  to  influence  the  expression  of  the  enzyme  that  it  inhibits 
(dihydrofolate  reductase  -  DHFR)  and  the  membrane-bound  protein  that  brings  MTX  into  the  cell 
(reduce  folate  carrier  -  RFC).  Focusing  on  transcriptional  elements  common  to  promoters  of  these 
genes  and  that  of  the  EGFR  gene  might  produce  promising  candidates.  The  transcription  factors  p53 
and  Spl,  which  have  been  reported  to  promote  the  expression  of  DHFR,  RFC  and  EGFR,  are  two 
such  examples.  Exploring  changes  in  EGFR  promoter  activity  would  not  only  clarify  the  question  of 
selection  versus  increased  expression,  but  might  also  provide  more  general  information  about  the 
changes  in  gene  expression  that  occur  in  response  to  the  cellular  stresses  induced  by  cytotoxic  drugs. 

REFERENCES: 

Azizkhan  JC,  Jensen  DE,  Pierce  AJ,  Wade  M.  Transcription  from  TATA-less  promoters:  dihydrofolate 
reductase  as  a  model.  Crit  Rev  Eukaryot  Gene  Expr.  1993;  3(4):229-54. 

Bolla  M,  Chedin  M,  Colonna  M,  Matron  J,  Rostaing-Puissant  B,  Chambaz  E.  Prognostic  value  of  epidermal 
growth  factor  receptor  in  a  series  of  303  breast  cancers.  Eur  J  Cancer.  1992;  28A(6-7):  1052-4. 

Brunet  A,  Bonni  A,  Zigmond  MJ,  Lin  MZ,  Juo  P,  Hu  LS,  Anderson  MJ,  Arden  KC,  Blenis  J,  Greenberg  ME. 
Akt  promotes  cell  survival  by  phosphorylating  and  inhibiting  a  Forkhead  transcription  factor.  Cell.  1999  Mar 
19;  96(6):857-68. 

Cohen  S,  Carpenter  G,  King  L  Jr.  Epidermal  growth  factor-receptor-protein  kinase  interactions.  Co-purification 
of  receptor  and  epidermal  growth  factor-enhanced  phosphorylation  activity.  J  Biol  Chem.  1980  May  25; 
255(1 0):*4834-42. 


1 


DOD  Pre-doctoral  Traineeship  Award 


James  N.  Welch 


Frassoldati  A,  Adami  F,  Banzi  C,  Criscuolo  M,  Piccinini  L,  Silingardi  V.  Changes  of  biological 
features  in  breast  cancer  cells  determined  by  primary  chemotherapy.  Breast  Cancer  Res  Treat.  1997 
Jul;44(3):  185-92. 

Ghose  T,  Ferrone  S,  Blair  AH,  Kralovec  Y,  Temponi  M,  Singh  M,  Mammen  M.  Regression  of  human 
melanoma  xenografts  in  nude  mice  injected  with  methotrexate  linked  to  monoclonal  antibody  225.28  to  human 
high  molecular  weight-melanoma  associated  antigen.  Cancer  Immunol  Immunother.  1991;  34(2):90-6. 


Hanauske  AR,  Osborne  CK,  Chamness  GC,  Clark  GM,  Forseth  BJ,  Buchok  JB,  Arteaga  CL,  Von  Hoff  DD. 
Alteration  of  EGF-receptor  binding  in  human  breast  cancer  cells  by  antineoplastic  agents.  Eur  J  Cancer  Clin 
Oncol.  1987  May;  23(5):545-51. 

Hanauske  AR,  Depenbrock  H,  Shirvani  D,  Rastetter  J.  Effects  of  the  microtubule-disturbing  agents  docetaxel 
(Taxotere),  vinblastine  and  vincristine  on  epidermal  growth  factor-receptor  binding  of  hxunan  breast  cancer  cell 
lines  in  vitro.  Eur  J  Cancer.  1994;  30A(1 1):  1688-94. 

Ma  D,  Huang  H,  Moscow  JA.  Down-regulation  of  reduced  folate  carrier  gene  (RFCl)  expression  after  exposure 
to  methotrexate  in  ZR-75-1  breast  cancer  cells.  Biochem  Biophys  Res  Commun.  2000  Dec  29;279(3):891-7. 

Marx  XL.  Oncogene  linked  to  growth  factor  receptor.  Science.  1984  Feb  24;  223(4638):806. 

Meier  R,  Alessi  DR,  Cron  P,  Andjelkovic  M,  Hemmings  BA.  Mitogenic  activation,  phosphorylation,  and 
nuclear  translocation  of  protein  kinase  Bbeta.  J  Biol  Chem.  1997  Nov  28;  272(48):30491-7. 

Okano  J,  Gaslightwala  I,  Bimbaum  MJ,  Rustgi  AK,  Nakagawa  H.  Akt/protein  kinase  B  isoforms  are 
differentially  regulated  by  epidermal  growth  factor  stimulation.  J  Biol  Chem.  2000  Oct  6;  275(40):30934-42. 

Pratt,  WB,  Ruddon,  RW,  Ensminger,  WD,  Maybaum,  J,  eds.  The  Anticancer  Drugs  (Second  Edition).  Oxford 
University  Press:  New  York,  1994. 


DOD  Pre-doctoral  Traineeship  Award 


James  N.  Welch 


Railo  MJ,  Smitten  KV,  Pekonen  F.  The  prognostic  value  of  epidermal  growth  factor  receptor  (EGFR)  in  breast 
cancer  patients.  Results  of  a  follow-up  study  on  149  patients.  Acta  Oncol.  1994;  33(1):  13-7. 

Schlessinger  J.  Cell  signaling  by  receptor  tyrosine  kinases.  Cell.  2000  Oct  13;  103(2):21 1-25. 

van  Agthoven  T,  Timmermans  M,  Dorssers  LC,  Henzen-Logmans  SC.  Expression  of  estrogen,  progesterone 
and  epidermal  growth  factor  receptors  in  primary  and  metastatic  breast  cancer.  Int  J  Cancer.  1995  Dec  11; 
63(6):790-3. 

Wang  X,  McCullough  KD,  Franke  TF,  Holbrook  NJ.  Epidermal  growth  factor  receptor-dependent  Akt 
activation  by  oxidative  stress  enhances  cell  survival.  J  Biol  Chem.  2000  May  12;  275(1 9):  14624-31. 

Wosikowski  K,  Schuurhuis  D,  Kops  GJ,  Saceda  M,  Bates  SE.  Altered  gene  expression  in  drug-resistant  human 
breast  cancer  cells.  Clin  Cancer  Res.  1997  Dec;3(12  Pt  1):2405-14. 

Wu  JS,  Johnson  LF.  Regulation  of  dihydrofolate  reductase  gene  transcription  in  methotrexate-resistant  mouse 
fibroblasts.  J  Cell  Physiol.  1982  Feb;  1 10(2):183-9. 


DOD  Pre-doctoral  Traineeship  Award 


James  N. 


APPENDIX:  (Tables  and  Figures) 


TABLE  1:  Essential  characteristics  of  the  breast  cancer  cell  lines  selected  for  this  research. 


CELL  LINE 

ORGANISM 

TISSUE 

MORPHOLOGY 

MCF-7 

human 

adenocarcinoma;  mammary 
gland;  breast;  pleural  effusion 

epithelial 

MDA-MB-231 

human 

adenocarcinoma;  mammary 
gland;  breast;  pleural  effusion 

epithelial 

MDA-MB-453 

human 

mammary  gland;  breast; 
pleural/pericardial  effusion 

epithelial 

T-47D 

human 

ductal  carcinoma;  mammary 
gland;  breast;  pleural  effusion 

epithelial 

ZR-75-1 

human 

ductal  carcinoma;  mammary 
gland;  breast;  ascites; 
epithelial;  metastatic  site: 
ascites 

epithelial 

Welch 


Information  collected  from  the  2001  American  Type  Culture  Collection  (ATCC)  online  catalog,  (http:// 
phage.atcc.orel 
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FIGURE  1:  Comparison  of  normal-EGFR  expression  levels  in  MCF-7,  MDA-MB-453,  T-47D  and  ZR-75-1  breast  cancer  cell 
lines  by  immunofluorescence  /  flow  cytometry.  MCF-7,  MDA-MB-435,  T-47D  and  ZR-75-1  breast  cancer  cells  were  seeded  in 
T-75  tissue  culture  flasks  and  grown  to  approximately  70%  confluence.  The  cells  were  trypsinized,  rinsed  twice  in  PBS  and  pelleted 
(1000  rpm,  5  minutes),  EGFR  surface  expression  was  assessed  by  immunofluorescence  /  flow  cytometry.  PRIMARY  ANTIBODY: 
MAb  528  mouse  monoclonal  anti-EGFR  (NEOMARKERS),  1:50  PBS  /  one  hour  room  temperature;  SECONDARY  ANTIBODY: 
Goat  anti-mouse  PE  conjugated  antibody  (JACKSON  IMMUNOCHEMICALS),  1:50  PBS  /  20  minutes  room  temperature  (dark); 
FIXATION:  1%  formaldehyde.  Fluorescence  per  cell  was  assessed  by  flow  cytometry  and  data  for  each  cell  line  is  presented  as 
mean  fluorescent  peak  values  per  cell  population,  (a)  Baseline  mean  fluorescence  peak  values  for  untreated  MCF-7,  MDA-MB-453, 
T-47D  and  ZR-75-1  cells;  (b)  the  same  data  presented  in  part  (a)  with  the  EGFR  over-expressing  MDA-MB-231  cell  line  added  for 
comparison. 
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FIGURE  2:  Comparison  of  normal-EGFR  expression  levels  in  MCF-7,  MDA-MB-453,  T-47D  and  ZR-75-1  breast  cancer  ceU 
lines  by  immunofluorescence  /  flow  cytometry.  MCF-75  MDA-MB-435,  T-47D  and  ZR-75-1  breast  cancer  cells  were  seeded  in 
T-75  tissue  culture  flasks  and  grown  to  approximately  70%  confluence.  The  cells  were  trypsinized,  rinsed  twice  in  PBS  and  pelleted 
(1000  rpm,  5  minutes).  EGFR  surface  expression  was  assessed  by  immunofluorescence  /  flow  cytometry.  PRIMARY  ANTIBODY: 
MAb  528  mouse  monoclonal  anti-EGFR  (NEOMARKERS),  1:50  PBS  /  one  hour  room  temperature;  SECONDARY  ANTIBODY: 
Goat  anti-mouse  PE  conjugated  antibody  (JACKSON  IMMUNOCHEMICALS),  1:50  PBS  /  20  minutes  room  temperature  (dark); 
FIXATION:  1%  formaldehyde.  Fluorescence  per  cell  was  assessed  by  flow  cytometry  and  data  for  each  cell  line  is  presented  as 
mean  fluorescent  peak  values  per  cell  population,  (a)  Baseline  mean  fluorescence  peak  values  for  untreated  MCF-7,  MDA-MB-453, 
T-47D  and  ZR-75-1  cells;  (b)  the  same  data  presented  in  part  (a)  with  the  EGFR  over-expressing  MDA-MB-231  cell  line  added  for 
comparison. 


90 


uM  MTX  -  72  HRS 


MDA-MB-453 


uM  MTX -96  HRS 


ZR-75-1 


[ZU  CONTROL 
■■  MTX-TREATED 


10-3  10*2 

uMMTX-72  HRS 


|iMMTX-72  HRS 


FIGURE  3:  MTX-induced  changes  in  EGFR  surface  expression  in  MCF-7,  MDA-MB-453,  T-47D  and  ZR-75-1  cells,  (a)  MCF- 
7,  (b)  MDA-MB-453,  (c)  T-47D,  and  (d)  ZR-75-1  breast  cancer  cells  were  seeded  in  T-75  tissue  culture  flasks  and  grown  to 
approximately  70%  confluence.  Methotrexate  (MTX)  was  added  to  the  cultures  (concentration  range  0.005  to  50.0  pM)  and  the  cells 
were  grown  for  72  hours.  The  cells  were  trypsinized,  rinsed  twice  in  PBS  and  pelleted  (100  rpm,  5  minutes).  EGFR  surface 
expression  was  assessed  by  immunofluorescence.  PRIMARY  ANTIBODY:  MAb  528  mouse  monoclonal  anti-EGFR 
(NEOMARKERS),  1:50  PBS  /  one  hour  room  temperature;  SECONDARY  ANTIBODY:  Goat  anti-mouse  PE  conjugated  antibody 
(JACKSON  IMMUNOCHEMICALS),  1:50  PBS  /  20  minutes  room  temperature  (dark);  FIXATION:  1%  formaldehyde. 
Fluorescence  per  cell  assessed  by  flow  cytometry.  Data  is  presented  as  fold  increases  in  mean  peak  fluorescence  per  sample  for  each 
MTX  treatment  (blue)  vs.  untreated  control  cells  (white).  Data  from  five  separate  experiments  are  combined.  Error  bars  represent 
mean  ±  standard  error;  n  ^  3. 
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FIGURE  4:  Representative  histograms  for  the  immunofluorescence  /  flow  cytometry  data  regarding  MTX-changes  in  EGFR 
surface  expression.  Representative  histograms  generated  by  the  immunohistochemistry  /  flow  cytometry  protocol  used  to  detect 
EGFR  surface  expression  in  (a)  MCF-7,  (b)  MDA-MB-453,  (c)  T-47D  and  (d)  ZR-75-1  cells.  Details  about  this  experiment  method 
are  presented  in  the  legend  for  FIGURE  3. 
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FIGURE  5:  EGF-stimulated  activation  of  AKT  in  MCF-7,  T-47D  and  ZR-75-1  cells  with  and  without  MTX-treatment.  (a) 

MCF-7,  (b)  ZR-75-1,  and  (c)  T-47D  breast  cancer  cells  were  plated  in  T-75  flasks  and  grown  to  approximately  60%  confluence.  The 
cells  were  treated  with  0.5  or  5.0  pM  MTX  for  72  hours  inl0%  FBS/IMEM,  rinsed  twice  with  IX  PBS,  serum  starved  (in  0.1% 
FBS/IMEM)  for  24  hours,  and  then  treated  with  10  ng/ml  EGF  for  1-20  minutes.  At  each  time-point,  the  cells  were  rinsed  twice  with 
IX  PBS  and  harvested  in  cell  lysis  buffer  (Cell  Signaling)  with  1  mM  PMSF  added  immediately  before  use.  Samples  were  stored  at  - 
80  °C  and  assayed  for  protein  concentration  by  BCA  protocol.  10-20  pg/sample  were  electrophoresed  on  8%  tris-glycine  gels  (120V) 
and  blotted  onto  immobulin-P  membranes.  Primary  antibody:  Phospho-AKT  1:1000/PBST  (Cell  Signaling);  Secondary  Antibody: 
anti-rabbit  1:5000/PBST  (Cell  Signaling);  ECL  detection  (Amersham).  The  blots  were  stripped  and  re-probed  for  total  AKT  or  a- 
tubulin  (depending  on  the  cell  line)  to  serve  as  loading  controls.  Each  blot  shovm  is  representative  of  at  least  three  individually 
repeated  experiments.  (Arrows  indicate  the  expected  location  of  the  phospho-specific  AKT  band.  The  presence  of  this  band  the  lanes 
for  our  purchased  controls  was  somewhat  variable  owing,  we  expect,  to  instability  of  the  phospho-protein  after  multiple  fi-eeze-thaw 
cycles.  However,  the  presence  of  the  lower  band  was  consistent  in  the  control  lanes  and  served  adequately  as  a  size  marker  for  these 
experiments.) 
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FIGURE  6:  EGF-stimulated  activation  of  ERK  in  MCF-7,  T-.47D  and  ZR-75-1  cells  with  and  without  MTX-treatment  (a) 

MCF-75  (b)  ZR-75-1,  and  (c)  T-47D  breast  cancer  cells  were  plated  in  T-75  flasks  and  grown  to  approximately  60%  confluence.  The 
cells  were  treated  with  0.5  or  5.0  pM  MTX  for  72  hours  inl0%  FBS/IMEM,  rinsed  twice  with  IX  PBS,  serum  starved  (in  0.1% 
FBS/IMEM)  for  24  hours,  and  then  treated  vdth  10  ng/ml  EGF  for  1-20  minutes.  At  each  time-point,  the  cells  were  rinsed  twice  with 
IX  PBS  and  harvested  in  cell  lysis  buffer  (Cell  Signaling)  with  1  mM  PMSF  added  immediately  before  use.  Samples  were  stored  at  - 
80  and  assayed  for  protein  concentration  by  BCA  protocol.  10-20  pg/sample  were  electrophoresed  on  8%  tris-glycine  gels  (120V) 
and  blotted  onto  immobulin-P  membranes.  Primary  antibody:  Phospho-ERK  1:1000/PBST  (Cell  Signaling);  Secondary  Antibody: 
anti-rabbit  1:5000/PBST  (Cell  Signaling);  ECL  detection  (Amersham).  The  blots  were  stripped  and  re-probed  for  total  ERK  or  a- 
tubulin  (depending  on  the  cell  line)  to  serve  as  loading  controls.  Each  blot  shown  is  representative  of  at  least  three  individually 
repeated  experiments. 
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LEFT:  FIGURE  7:  Inhibition  of  EGF-stimulated  activation  of  AKT  in  MTX-treated  ZR-75-1  cells  by  PD153035.  ZR-75-1 
breast  cancer  cells  were  plated  in  T-75  flasks  and  grown  to  approximately  60%  confluence.  The  cells  were  treated  with  5.0  pM  MTX 
for  72  hours  in  10%  FBS/IMEM,  rinsed  twice  with  IX  PBS,  serum  starved  (in  0.1%  FBS/IMEM)  for  24  hours.  Flasks  were  divided 
into  two  groups  (with  controls  set  aside).  One  set  was  treated  with  IpM  PD153035  for  four  hours  prior  to  the  addition  of  EOF.  The 
other  was  not  given  PDl 53035.  The  cells  were  rinsed  to  remove  the  PDl 53035  after  4  hours  and  treated  with  10  ng/ml  EOF  for  2.5  - 
10  minutes.  At  each  time-point,  the  cells  were  rinsed  twice  with  IX  PBS  and  harvested  in  cell  lysis  buffer  (Cell  Signaling)  with  1  mM 
PMSF  added  immediately  before  use.  Samples  were  stored  at  -80  °C  and  assayed  for  protein  concentration  by  BCA  protocol.  10-20 
pg/sample  were  electrophoresed  on  8%  tris-glycine  gels  (120V)  and  blotted  onto  immobulin-P  membranes.  Primary  antibody: 
Phospho-AKT  1:1000/PBST  (Cell  Signaling);  Secondary  Antibody:  anti-rabbit  1:5000/PBST  (Cell  Signaling);  ECL  detection 
(Amersham).  The  blots  were  stripped  and  re-probed  for  a-tubulin  to  serve  as  loading  control.  The  blot  shown  is  representative  of  two 
separate  experiments. 


RIGHT:  FIGURE  8:  Inhibition  of  EGF-stimulated  activation  of  ERK  in  MTX-treated  ZR-75-1  cells  by  PD153035.  ZR-75-1 
breast  cancer  cells  were  plated  in  T-75  flasks  and  grown  to  approximately  60%  confluence.  The  cells  were  treated  with  5.0  pM  MTX 
for  72  hours  in  10%  FBS/IMEM,  rinsed  twice  with  IX  PBS,  serum  starved  (in  0.1%  FBS/IMEM)  for  24  hours.  Flasks  were  divided 
into  two  groups  (with  controls  set  aside).  One  set  was  treated  with  IpM  PD153035  for  four  hours  prior  to  the  addition  of  EOF.  The 
other  was  not  given  PD153035.  The  cells  were  rinsed  to  remove  the  PD153035  after  4  hours  and  treated  with  10  ng/ml  EOF  for  2.5  - 
10  minutes.  At  each  time-point,  the  cells  were  rinsed  twice  with  IX  PBS  and  harvested  in  cell  lysis  buffer  (Cell  Signaling)  with  1  mM 
PMSF  added  immediately  before  use.  Samples  were  stored  at  -80  °C  and  assayed  for  protein  concentration  by  BCA  protocol.  10-20 
pg/sample  were  electrophoresed  on  8%  tris-glycine  gels  (120V)  and  blotted  onto  immobulin-P  membranes.  Primary  antibody: 
Phospho-ERK  1:1000/PBST  (Cell  Signaling);  Secondary  Antibody:  anti-rabbit  1:5000/PBST  (Cell  Signaling);  ECL  detection 
(Amersham).  The  blots  were  stripped  and  re-probed  for  a-tubulin  to  serve  as  loading  control.  The  blot  shown  is  representative  of  two 
separate  experiments. 
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FIGURE  9:  Timing  of  MTX-induced  apoptosis  in  ZR-75-1  cells  as  measured  by  annexin«V  staining.  ZR-75-1  breast  cancer 
cells  were  seeded  in  6  well  plates  (the  starting  number  of  cells  graded  to  allow  shorter  MTX-exposure  doses  room  to  grow  without 
attaining  confluence)  and  plated  overnight.  MTX  (dose  range  0.005  pM  to  50.0  pM  was  added  to  one  sample  on  each  successive 
day  such  that  the  samples  exposed  to  MTX  for  7  days  were  drugged  on  day  one  and  those  exposed  for  one  day  were  drugged  on  day 
six.  All  samples  were  collected  on  day  seven  by  trypsinization,  rinsed  with  IX  PBS  and  coimted.  200,000  cells  were  aliquoted  and 
stained  with  Annexin-V  to  measure  apoptosis.  Untreated  cells  were  used  as  controls.  The  data  generated  is  expressed  as  the 
apoptotic  percentage  of  the  entire  cell  population,  (a)  Data  from  a  single  experiment  testing  the  entire  0.005  pM  to  50.0  pM  MTX 
concentration  range,  (b)  Combined  data  from  three  repeated  experiments  for  5.0  pM  MTX.  This  concentration  was  chosen  for  the 
apoptosis/cytotoxicity  experiments  described  below.  Error  bars  represent  mean  ±  standard  error;  n  >  3. 
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FIGURE  10:  EGF-stimulation  partially  rescues  ZR-75-1  cells  from  MTX-induced  apoptosis  as  measured  by  annexin-V 
staining.  ZR-75-1  cells  were  seeded  in  6  well  plates  (200,000  per  well;  50,000  per  well  for  controls)  and  allowed  to  plate  down 
overnight.  5.0  MTX  was  added  and  the  cells  were  allowed  to  incubate  for  5  days.  EGF  (1  ng/ml)  with  or  without  PD153035 
(1  pM)  was  added  to  the  plates  without  removal  of  the  MTX-containing  media,  and  the  cells  were  allowed  to  incubate  for  2  more 
days.  Upon  completion  of  the  7  day  time-course,  the  cells  were  collected  by  trypsinization  (adherent  and  floating  cells).  200,000 
cells  per  replicate  were  assayed  for  annexin-V  binding  (TREVIGEN  ANNEXIN-V  KIT).  %  viable  cells  (a)  and  %  annexin- 
binding/apoptotic  cells  (b)  are  plotted.  The  data  shown  is  representative  of  three  independent  experiments.  Error  bars  represent 
mean  ±  standard  error;  n  >  3. 
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FIGURE  11:  EGF-stimulation  partially  rescues  ZR-75-1  cells  from  MTX-induced  cytotoxicity  as  measured  by  trypan  blue 
exclusion  assay,  (a)  ZR-75-1  cells  were  seeded  in  6  well  plates  (200,000  per  well;  50,000  per  well  for  controls)  and  allowed  to  plate 
down  overnight.  5.0  pM  MTX  was  added  and  the  cells  were  allowed  to  incubate  for  five  days.  EGF  (1  ng/ml)  with  or  without 
PD153035  (1  pM)  was  added  to  the  plates  without  removal  of  the  MTX-containing  media,  and  the  cells  were  allowed  to  incubate  for 
two  more  days.  Upon  completion  of  the  seven-day  time-course,  the  cells  were  collected  by  trypsinization  (adherent  and  floating 
cells).  Aliquots  for  each  sample  (six  replicates  per  treatment)  were  diluted  1 :1  in  pre-made  trypan  blue  dye.  Clear  (viable)  and  blue 
(membrane-compromised)  cells  were  tallied.  Percentages  for  each  vs.  the  total  number  of  cells  per  replicate  were  calculated  and 
plotted  as  %  viable  (white)  and  %  dead  (blue).  Results  are  representative  of  three  independent  experiments,  (b)  The  experiment 
described  above  was  repeated  with  the  addition  of  EGF  +/-  PD153035  after  three  days  MTX-treatment  (instead  of  five).  The 
doubled  the  length  of  time  during  which  the  MTX-treated  cells  were  exposed  to  EGF  +/-  PD153035.  Error  bars  represent  mean  ± 
standard  error;  n  >  3. 


